RUBBER COMPOSITION AND PNEUMATIC TIRE USING SAID 
RUBBER COMPOSITION 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a rubber composition and a 
pneumatic tire and, more particularly, to a rubber composition having 
improved heat resistance and a pneumatic tire using said rubber 
composition. 

Description of the Related Art 

Heretofore, a reinforcing layer composed of a rubber composition 
alone or a composite of a rubber composition and another material such 
as a fiber is disposed at side wall portions of a pneumatic tire to enhance 
the rigidity of the side wall portions. However, when the temperature of 
the rubber composition increases to 200°C or higher, for example, in use of 
the pneumatic tire in a condition in which the pressure inside the 
pneumatic tire (hereinafter referred to as the inner pressure) is reduced by 
a puncture or the like, i.e., in a run-flat condition, the rubber composition 
tends to show rupture of crosslinked portions obtained by vulcanization or 
of the polymer itself forming the rubber component. Due to an increase in 
deformation of the caused by a decrease in modulus side wall portion, heat 
generation of the rubber composition is accelerated and/or the limit of 
failure of the rubber lowers. As the result, the tire is damaged in a 
relatively short time. 

To increase the time before the tire is damaged to as long as possible, 
the modulus of the rubber composition may be increased as much as 



possible by modifying the formulation of the rubber composition or the 
heat generation in the rubber composition itself may be suppressed by 
decreasing tan 5 of the rubber composition as much as possible by 
modifying the formulation of the rubber composition. However, 
improvement by modifying the formulation has limit. Further, when the 
amounts of rubber reinforcing layers and/or bead fillers are increased to 
ensure durability of a desired level or higher, ride comfort under normal 
running condition and noise level deteriorate and the weight of the tire 
increases. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a rubber composition 
having improved heat resistance and a pneumatic tire produced using this 
rubber composition, more particularly, a pneumatic tire exhibiting 
improved durability using this rubber composition as a rubber composition 
for side wall reinforcing layer and/or a rubber composition for bead portion 
reinforcing rubber filler 

As the result of intensive studies by the present inventors on 
various chemicals used in formulations to improve heat resistance of the 
rubber composition, it was found that the heat resistance of a rubber 
composition can be remarkably improved when specific compounds are 
used in the formulation. The present invention has been completed on 
the basis of this knowledge. 

The object of the present invention can be achieved in accordance 
with (1) to (18) described in the following. 

(1) A rubber composition having, in a curve exhibiting a change in 



dynamic storage modulus during elevation of temperature, an intersection 
of an extrapolation line A of a portion in which the dynamic storage 
modulus shows an approximately linear change before a rapid decrease at 
temperatures higher than 100°C and an extrapolation line B of a portion in 
which the dynamic storage modulus rapidly decreases, at a temperature of 
170°C or higher. 

(2) A rubber composition described in (1), which comprises sodium 
1,6-hexamethylenedithiosulfate dihydrate. 

(3) A rubber composition described in any of (1) and (2), wherein 
the amount of sodium 1,6-hexamethylenedithiosulfate dihydrate is 1 tolO 
parts by weight per 100 parts by weight of a rubber component. 

(4) A rubber composition described in any of (1) to (3), which 
comprises a compound A having two or more ester groups in one molecule. 

(5) A rubber composition having, in a curve exhibiting a change in 
dynamic storage modulus during elevation of temperature, a difference A E* 
between the maximum value and the minimum value of the dynamic 
storage modulus at a temperature between 180 and 200°C of 2.5 MPa or 
less. 

(6) A rubber composition described in (5), which comprises a 
compound A having two or more ester groups in one molecule. 

(7) A rubber composition described in any of (4) and (6), wherein 
the compound A is an acrylate or a methacrylate. 

(8) A rubber composition described in any of (4), (6) and (7), 
wherein the compound A is a polyfunctional ester of a polyhydric alcohol 
and acrylic acid or methacrylic acid. 

(9) A rubber composition described in any of (4), and (6) to (8), 



wherein the polyhydric alcohol forming the compound A is at least one 
compound selected from the group consisting of tetramethylolmethane, 
trimethylolpropane and polymers of these compounds. 

(10) A rubber composition described in any of (4), and (6) to (9), 
wherein the polyhydric alcohol is trimethylolpropane or a dimer of 
tetramethylolmethane. 

(11) A rubber composition described in any of (4), and (6) to (10), 
wherein the amount of the compound A is 0.5 to 20 parts by weight per 100 
parts by weight of a rubber component. 

(12) A pneumatic tire comprising side wall portions reinforced 
with a rubber reinforcing layer, wherein a rubber composition for the 
rubber reinforcing layer comprises the rubber composition described in any 
of (1) to (11). 

(13) A pneumatic tire comprising bead fillers for which the rubber 
composition described in any of (1) to (11) is used. 

(14) A pneumatic tire described in any of (12) and (13), which is a 
run-flat tire. 

(15) A rubber composition for side reinforcing layers and/or bead 
fillers comprising sodium 1,6-hexamethylenedithiosulfate dihydrate. 

(16) A rubber composition described in (15), which comprises a 
compound A having two or more ester groups in one molecule. 

(17) A rubber composition for side reinforcing layers and/or bead 
fillers which comprises a compound A having two or more ester groups in 
one molecule. 

(18) Use of sodium 1,6-hexamethylenedithiosulfate dihydrate in 
side reinforcing layers and/or bead fillers of a pneumatic tire. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a cross-sectional view of an example of the 
pneumatic tire of the present invention. 

Figure 2 shows a curve exhibiting the change in dynamic storage 
modulus during elevation of temperature. 

Figure 3 shows a diagram exhibiting, in the curve exhibiting a 
change in dynamic storage modulus during elevation of temperature, 
temperature C at an intersection of extrapolation line A of a portion in 
which the dynamic storage modulus shows an approximately linear change 
before rapidly decreasing at temperatures higher than 100°C and 
extrapolation line B of a portion in which the dynamic storage modulus 
rapidly decreases. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The rubber composition has, in a curve exhibiting the change in 
dynamic storage modulus E' during elevation of temperature, the 
intersection of extrapolation line A of a portion in which the dynamic 
storage modulus shows an approximately linear change before a rapid 
decrease at temperatures higher than 100°C and extrapolation line B of a 
portion in which the dynamic storage modulus rapidly decreases, at a 
temperature of 170°C or higher. 

In the curve exhibiting the change in dynamic storage modulus E' 
during elevation of temperature, the temperature at the intersection of 
extrapolation line A of a portion in which the dynamic storage modulus 
shows an approximately linear change before a rapid decrease at 



temperatures higher than 100°C and extrapolation line B of a portion in 
which the dynamic storage modulus rapidly decreases is temperature C 
shown in Figure 3. 

When the temperature at the intersection is lower than 170°C, 
durability of the rubber composition at the high temperatures caused by 
heat generated in the run-flat condition is not sufficient. Therefore, the 
temperature must be 170°C or higher. 

Extrapolation line A is a line obtained by extrapolation of the 
portion in which the dynamic modulus shows an approximately linear 
change before a rapid decrease at temperatures higher than 100°C in the 
curve exhibiting the change in dynamic storage modulus during elevation 
of temperature. It is preferable that extrapolation line A contacts the 
curve showing the change in dynamic storage modulus in a range of 40°C 
and more preferably in a range of 20°C. 

Extrapolation line B is a line obtained by extrapolation of the 
portion in which the dynamic modulus rapidly decreases. It is preferable 
that extrapolation line B contacts the curve showing the change in 
dynamic storage modulus in a range of 15°C and more preferably in a 
range of 10°C. 

In the present invention, it is preferable that sodium 1,6- 
hexamethylenedithiosulfate dihydrate is used as an agent to prevent heat 
aging. Sodium 1,6-hexamethylenedithiosulfate dihydrate suppresses 
rupture of chains of the polymer constituting the rubber component. 
Therefore, in the curve exhibiting the change in dynamic storage modulus 
during elevation of temperature, the intersection of the extrapolation line 
A of the portion in which the dynamic modulus shows an approximately 
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The amount of the compound having two or more ester groups in one 
molecule is preferably 0.5 to 20 parts by weight and more preferably 1.0 to 
15 parts by weight per 100 parts by weight of the rubber component. 

In the rubber composition of the present invention, rupture of 
polymer chains can be suppressed by the agent for preventing heat aging. 
Even when rupture of polymer chains takes place, the broken polymer 
chains are reconstructed by the agent for preventing degradation and the 
change in dynamic storage modulus of the rubber composition in the 
temperature range of 170 to 200°C can be suppressed to 3 MPa or less. In 
particular, the rubber composition comprising the agent for preventing 
degradation of the present invention preferably have a difference A E' 
between the maximum value and the minimum value of the dynamic 
storage modulus at a temperature between 180 and 200°C of 2.5 MPa or 
less. 

The rubber component used in the present invention is not 
particularly limited and can be suitably selected from generally used 
rubber components. Examples of the rubber component include natural 
rubber (NR), synthetic polyisoprene (IR), polybutadiene (BR), styrene- 
butadiene copolymers (SBR), butyl rubber (IIR) and ethylene-propylene- 
diene copolymers (EPDM). A single type or a blend of two or more types 
of the above rubber components may be used. 

The rubber composition of the present invention may further 
comprise suitable compounding ingredients generally used in the rubber 
industry such as crosslinking agents, crosslinking accelerators, 
antioxidants, softeners, reinforcing fillers and inorganic fillers. The 
rubber composition of the present invention may also be used as a 
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bead filler and for the rubber reinforcing layer comprises sodium 1,6- 
hexamethylenedithiosulfate dihydrate. It is more preferable that the 
rubber composition for the bead filler further comprises a compound 
having two or more ester groups in one molecule. The rubber composition 
for the bead filler and/or the rubber reinforcing layer preferably has a 
dynamic storage modulus E' of 8 MPa or more at 160°C, more preferably 
10 MPa or more at 160°C and most preferably 13 MPa or more at 160°C. 

The best tire durability may be obtained when both of the rubber 
members comprise the above described rubber composition. 

When conventional pneumatic tires are used in a condition of a 
markedly reduced inner pressure (in the so-called run-flat condition), 
deformation of the tire caused by the load markedly increases. Heat 
generation caused by the deformation increases particularly markedly at 
side wall portions and damage occurs in the side wall portions. This 
problem of conventional tires can be overcome by the pneumatic tire 
comprising the above rubber composition. 

Thus, durability of the tire side wall portions can be particularly 
improved by using the compound described in the present invention in the 
rubber compositions for the tire and preferably in the rubber compositions 
for the rubber reinforcing layer of the side wall portions and/or the bead 
fillers. As the result, for example, the driving distance in the run-flat 
condition can be remarkably increased. In other words, the present 
invention can be effectively applied to the run-flat tire which particularly 
emphasizes safety in the run-flat condition. 
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Examples 1-18: 

Rubber compositions were prepared in accordance with the 
formulations shown in Table 1 and the dynamic storage modulus E* was 
measured with an elevation of temperature. The results are shown in 
Table 1. 



13 



Table 1 - 1 



Example 




1 


2 


3 


4 


5 


6 


Comparative Example 


1 














Natural rubber 


30.0 


30.0 


30.0 


30.0 


30.0 


30.0 


30.0 


Butadiene rubber * 1 


70.0 


70.0 


70.0 


70.0 


70.0 


70.0 


70.0 


Carbon black * 2 


60.0 


60.0 


60.0 


60.0 


60.0 


60.0 


70.0 


Softener * 3 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Zinc oxide 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


Stearic acid 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


r\ntioxiuanL 


9 n 




9 O 






2 0 


2 0 


accelerator * 5 


3.5 


3.5 


3.5 


3.5 


3,5 


3.5 


3.5 


Agent for preventing 
heat aging * 6 


0.0 


1.0 


2.0 


3.0 


5.0 


10.0 


3.0 


Agent for preventing 

j j *7 

degradation ' 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


Sulfur 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Temperature C (°C) 


169 


174 


176 


178 


180 


181 


178 


AE' * 8 (MPa) 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


Applied portion 
















reinforcing rubber 


applied 


applied 


applied 


applied 


applied 


applied 


applied 


bead filler 


not 
applied 


not 
applied 


not 
applied 


not 
applied 


not 
applied 


not 
applied 


not 
applied 


Durability in the 


100 


105 


110 


123 


132 


140 


125 



run-flat condition 
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Table 1 - 2 



Example 


7 


8 


9 


10 


11 


12 


Natural rubber 


30.0 


30.0 


30.0 


50.0 


70.0 


30.0 


Butadiene rubber * l 


70.0 


70.0 


70.0 


50.0 


30.0 


70.0 


Carbon black * 2 


50.0 


40.0 


30.0 


60.0 


60.0 


60.0 


Softener * 3 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Zinc oxide 


3.0 


3.0 


3,0 


3.0 


3.0 


3.0 


Stearic acid 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


Antioxidant *^ 


2.0 


2.0 


2.0 


2.0 


2.0 


2.0 


Vulcanization 
accelerator * 5 


3.5 


3.5 


3.5 


3.5 


3.5 


3.5 


Agent for preventing 
heat aging * 6 


o.U 


o.U 


o.U 


o. U 


o.U 


i n 
l.U 


Agent for preventing 
aegrauation 


0.0 


0.0 


0.0 


0.0 


0.0 


5.0 


Sulfur 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Temperature C (°C) 


178 


178 


178 


178 


178 


174 


AE' * 8 (MPa) 


3.0 


3.0 


3.0 


3.0 


3.0 


2.5 


Applied portion 














reinforcing rubber 


applied 


applied 


applied 


applied 


applied 


applied 


bead filler 


not 
applied 


not 
applied 


not 
applied 


not 
applied 


not 
applied 


not 
applied 


Durability in the 


121 


119 


115 


121 


119 


130 



run-flat condition 
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Table 1 - 3 



Example 


13 


14 


15 


16 


17 


18 


Natural rubber 


30.0 


30.0 


30.0 


30.0 


30.0 


30.0 


Butadiene rubber * l 


70.0 


70.0 


70.0 


70.0 


70.0 


70.0 


Carbon black * 2 


60.0 


60.0 


60.0 


60.0 


60.0 


60.0 


Softener * 3 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Zinc oxide 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


Stearic acid 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1 lr I \J AJ. U. dl 1 it 








2 O 


2 O 




accelerator * 5 


3.5 


3.5 


3.5 


3.5 


3.5 


3.5 


A i C i ■ 

Agent for preventing 
heat aging * 6 


2.0 


3.0 


5.0 


10.0 


3.0 


5.0 


Agent for preventing 
degradation ' 


5.0 


5.0 


5.0 


5.0 


0.0 


0.0 


Sulfur 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Temperature C (°C) 


175 


178 


180 


180 


178 


178 


AE' * 8 (MPa) 


2.5 


2.5 


2.5 


2.5 


3.0 


3.0 


Applied portion 














reinforcing rubber 


applied 


applied 


applied 


applied 


applied 


appliec 


bead filler 


not 
applied 


not 
applied 


not 
applied 


not 
applied 


applied 


appliet 


Durability in the 


134 


142 


154 


166 


143 


150 



run-flat condition 



The amounts in the above table are all in parts by weight. 
*1: BR01 (a trade mark; manufactured by JSR Corporation) 
*2: FEF 
*3: Spindle oil 

*4: NOCRAC 6C (a trade mark; manufactured by OUCHI SHINKO KAGAKU KOGYO 
Co., Ltd.) 

*5: NOCCELOR NS (a trade mark; manufactured by OUCHI SHINKO KAGAKU 
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KOGYO Co., Ltd.) 
*6: Sodium 1,6-hexamethylenedithiosulfate dihydrate 

*7: KAYARAD D310 (a trade mark; manufactured by NIPPON KAYAKU Co., Ltd.) 
*8: Range of the change in storage modulus in the temperature range of 170 to 200°C 

As shown in Table 1, the rubber composition of the present 
invention comprising the agent for preventing heat aging had, in the curve 
exhibiting the change in dynamic storage modulus during elevation of 
temperature, the intersection of the extrapolation line A of the portion in 
which the dynamic storage modulus shows an approximately linear change 
before rapidly decreasing at temperatures higher than 100°C and the 
extrapolation line B of the portion in which the dynamic storage modulus 
rapidly decreases, at a temperature of 170°C or higher independently of 
the type of the rubber component and the amount of carbon black. In 
Examples 12 to 16 in which the agent for preventing degradation was used 
in combination, the change in the dynamic storage modulus with 
temperature in the temperature range of 170 to 200°C decreased. 

Radial tires having a size 225/60R16 were prepared in accordance 
with a conventional process using the above rubber compositions as the 
rubber composition for the rubber reinforcing layers disposed at the side 
wall portions and were subjected to the durability test. The results are 
shown in Table 1. In Examples 17 and 18 shown in Table 1, the same 
rubber compositions were used for the rubber reinforcing layers and for the 
bead fillers. 

As shown by the results in Table 1, durability in the run-flat 
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condition can be improved by using the rubber composition of the present 
invention as the rubber composition for the rubber reinforcing layers. As 
shown by the results of Examples 17 and 18, durability of the tire in the 
run-flat durability can be further improved by using the rubber 
composition of the present invention as the rubber compositions for the 
rubber reinforcing layers and for the bead fillers. 

Examples 19-24: 

Rubber compositions were prepared in accordance with the 
formulations shown in Table 2 and the dynamic storage modulus E' was 
measured with an elevation of temperature. The results are shown in 
Table 2. 
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Table 2 



Example 

Comparative Example 


2 


19 


20 


21 


22 


23 


24 


Natural rubber 


30.0 


30.0 


30.0 


30.0 


30.0 


30.0 


30.0 


Butadiene rubber * 


/u.u 


/ u. u 


/u.u 


/U.U 


/U.U 


7n o 
/u.u 


70 n 
/ u. u 


Carbon black * 2 


60.0 


60.0 


60.0 


60.0 


60.0 


60.0 


60.0 


Softener * 3 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Zinc oxide 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


3.0 


Stearic acid 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


ruitioxiaanL 


z.u 


9 n 
z.u 


9 O 
Z.U 


9 n 


^. u 


9 n 
^. u 


9 n 


Vulcanization 


3.5 


3.5 


3.5 


3.5 


3.5 


3.5 


3.5 


accelerator *^ 
















Aoront fr\T* n yot/Ck n n c 
jrvgtriiL lui ]Jic vciiuiig 


0 0 


0 0 


0 0 


0.0 


0.0 


0.0 


0.0 


heat aging * 6 
















Agent for preventing 


0.0 


3.0 


5.0 


10.0 


0.0 


0.0 


0.0 


degradation A * 7 
















Agent for preventing 


0.0 


0.0 


0.0 


0.0 


3.0 


5.0 


10.0 


degradation B * 8 
















Sulfur 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


AE' * 9 (MPa) 


2.5 


1.8 


1.1 


0.7 


2.3 


1.8 


1.3 



Applied portion 

reinforcing rubber applied applied applied applied applied applied applied 

bead filler not not not not not not not 

applied applied applied applied applied applied applied 

Durability in the 100 108 125 151 102 108 118 
run-flat condition 



The amounts in the above table are all in parts by weight. 
*1: BR01 (a trade mark; manufactured by JSR Corporation) 
*2: FEF 
*3: Spindle oil 

*4: NOCRAC 6C (a trade mark; manufactured by OUCHI SHINKO KAGAKU KOGYO 
Co., Ltd.) 
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*5: NOCCELOR NS (a trade mark; manufactured by OUCHI SHINKO KAGAKU 

KOGYO Co., Ltd.) 
*6: Sodium 1,6-hexamethylenedithiosulfate dihydrate 
*7: TMPTA (a trade mark; manufactured by NIPPON KAYAKU Co., Ltd.) 
*8: KAYARAD D310 (a trade mark; manufactured by NIPPON KAYAKU Co., Ltd.) 
*9: Difference between max. and min. of storage modulus at a temperature between 180 

and 200°C 

As shown in Table 2, the rubber composition of the present 
invention comprising the agent for preventing degradation had, in the 
curve exhibiting the change in dynamic storage modulus during elevation 
of temperature, a difference AE' of 2.5 MPa or less (AE*: a difference 
between the maximum value and the minimum value of the dynamic 
storage modulus at a temperature between 180 and 200°C). 

Radial tires having a size 225/60R16 were prepared in accordance 
with a conventional process using the above rubber compositions as the 
rubber composition for the rubber reinforcing layers disposed at the side 
wall portions and were subjected to the durability test. The results are 
shown in Table 2. 
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